This article deals with the machining of cast iron. In industrial practice, Austempered Ductile Iron began to be used relatively recently. ADI is ductile iron that has gone through austempering to get improved properties, among which we can include strength, wear resistance or noise damping. This specific material is defined also by other properties, such as high elasticity, ductility and endurance against tenigue, which are the properties, that considerably make the tooling characteristic worse.
INTRODUCTION
Many opportunities for machining cost savings exist for those who understand the metallurgy of cast iron and are willing to develop a business approach to ensure good machinability. To improve business practices, one should understand the overall machining system.
In general, a machining system can be divided into three primary components: the machine tool, the machining parameters and the workpiece parameters. The over all machine tool stiffness has significant effect on machining. The machining parameters include cutting tools (materials, coatings and geometry), speeds, feed rates, depths of cut and cutting fluids. There are several factors such as tool cost, tool life, and practical limits of cutting speeds and feeds that play important role in the selection of best tool material. However, the most satisfactory tool will usually be the one that will perform machining operation with minimum cost. With the current trends of automation, the reliability and predictability of performance are also of great importance. The purpose of cutting fluid application is also to reduce the total cost per part and an increase in the production rate. [1] The workpiece parameters which include microstructure characteristics, material hardness, chemical composition, and mechanical properties also significantly affect the machining performance.
MACHINABILITY
A component or part that is to be machined (milled, turned, drilled, bored or tapped) should have good "machinability". It is not an absolute material property and at first sight, the definition of the term "machinability" of materials presents little difficulty. One simple definition of "machinability" can be given as the relative ease or difficulty of removing metal in transforming a raw material into a finished product. The goal, in general, is to achieve the desired dimensional requirements for the least cost. The four major aspects of machinability can be considered as: tool-life, surface-finish, power (cutting force) requirement, and the from of chips produced during a machining operation.
Types of cast Iron and machinability
One of the most exciting challenges to metallurgists over the last century has been to increase the strength of materials with minimum increase in cost. This has been achieved by various means including cold working, alloying, the use of phase transformations, and the refinement of grain size and microstructure. Cast iron, an alloy with 1,8 to 4,5% carbon content which is one of the most free machining ferrous materials is used in approximately 25% of our industrial metalworking applications, mainly castings. Consistent microstructure is the key to optimum machinability in cast iron. However, cast irons show a wide range of machining behaviour which depends upon composition and microstructure. It is difficult to achieve consistent microstructure in cast iron since it is possible for a greater number of different micro-constituens to co-exist in a casting, and these must be controlled.
The cast irons can be differentiated by the size and shape of the graphite particles. The microstructure features of cast iron such as particle composition and dispersion particle´s population density, and aspect ratios has significant effect on machinability. In recent years, various types of cast iron are produced and their mechanical properties are enhanced with additives such as silicone, magnesium, chromium, molybdenum, and copper.
Gray cast iron is characterized by randomly oriented graphite flakes which develop brittleness and poor ductility. It is widely used in the automotive industry for engine blocks, brake disks, brake drums, and housings. The gray cast iron has excellent machinability, with superior wear-resistance characteristics and damping capability.
Ductile cast irons are popular for wheel parts, crankshafts, and camshafts. In ductile irons, due to injection of a small amount of magnesium in the melt, the graphite particles exist in spherical shapes that provide superior ductility. These metals offer higher strength and toughness. 2.2 The possibility to machine ADI Machine before heat treat: To circumvent the challenges of machining ADI, you can machine prior to heat-treat. At this point, you machine the familiar ductile iron structures of ferrite or pearlite. This approach can be very effective, depending on the design of the component. If its design is such that growth during the Austempering process is predictable, it can be machined prior to Austempering. The final product after heat-treat will be dimensionally correct.
Rough-machine before heat treat, finish-machine after: This process is applicable when you need tight tolerances and surface finishes that can't be held during heat treat. Components such as crankshafts that require high-quality surface finishes are often rough-machined prior to heat-treat, and ground after heat-treat. This approach gives the manufacturer the economic benefit of rough-machining a softer, as-cast iron, while still satisfying stringent surface finish and tolerance requirements. In addition, machining or grinding after heat treatment induces significant compressive stresses in the part's surface, improving its bending-fatigue strength. But this production sequence can create logistical problems. The part will need to come from the casting source, to rough-machining, then to heat treat, and back to final processing. Consequently, the component must often be pulled from the machining flow to be heat treated, and then returned. But these additional process steps may prove cost-effective in some cases. [10] Machine complete after heat treatment: To alleviate the logistics concerns noted above, as well as maintaining tight tolerances and surface finish requirements, ADI can be fully machined after heat treatment.
While you must take into account the properties and unique qualities of ADI, remember that the quality of the initial casting will have a significant impact on machinability. Small, finely dispersed graphite nodules will assist machining; therefore, nodularity and nodule count are important. Nodule count should equal or exceed 100 nodules.mm -2 , and nodularity must be 90% or greater. This nodularity creates a casting with small, evenly spaced nodules--which also helps reduce the alloy segregation that can cause carbide formation. Another aspect of casting quality that affects total part quality, as well as machinability, is the requirement that the casting be relatively free of nonmetallic inclusions and porosity. [8] Some grades of ADI are stronger than conventional ductile iron. Their improved strength and high hardnesses make machining ADI difficult, but not impossible.
Because of the high strength and ductility of ADI, cutting tools often suffer flank wear and crater wear when machining it. Therefore, cutting tools need to have high wear-resistance. Today's K-grade carbide tools have sufficient wear-resistance, but require the use of cutting fluids, while P-grade tools can be used in dry cutting. For continuous-cut processes, Al2O3 ceramics work well, but Si3N4 ceramics and PCBN cutting tools are not suggested for machining ADI. [9] 3 DESCRIPTION OF ADI MATERIAL Austempered Ductile Iron (ADI) is a material relatively new to the industrial marketplace. Many have tried to machine ADI as if it were steel, or as-cast ductile iron, and have been unsuccessful. Because of such failures, a myth has developed that ADI is not machinable. But when the material properties and metal matrix of ADI are taken into consideration, ADI can be successfully machined.
ADI is ductile iron that has been Austempered to improve properties, such as strength, wear resistance or noise damping. The Austemper heat treatment (see sidebar), an isothermal process, transforms the metal matrix over many minutes or hours, culminating in properties that give the component better performance and strength.
Problems in machining the material have been brought about by inappropriate machining practices. If you attempt to machine ADI as if it were as-cast ductile iron, you will fail. ADI is not as easily machined as pearlitic or ferritic ductile iron, but is comparable to a RC 30 hardened steel in metal removal rates. [3] Due to the hardness of the material, and the straininduced transformation in front of the tool face, a deeper cut is required to improve tool life. When machining ADI, metal removal rate is 75% of that achieved on as-cast pearlitic ductile iron. When setting machining parameters, machine ADI at 50% lower cutting speed than that used on materials with similar hardness, and use a 50% deeper cut. This deeper cut allows the cutting surface to cut below the strain-induced martensite region, thus decreasing tool wear. [4] Some alloying elements, including copper, nickel, molybdenum and manganese, increase the hardenability of ADI. Each behaves differently during the heat-treat process. Carbide-forming elements such as molybdenum and manganese tend to segregate toward cell boundaries during the casting process, and cause carbide formation in the metal matrix. Carbides can be very detrimental to the machining process, and will significantly reduce tool life. The formation of carbides can be reduced or eliminated by adjusting the use of alloying elements. Molybdenum should be reduced as much as possible, particularly in the presence of higher manganese levels. Copper and nickel don't seem to have a detrimental effect on machining, as these elements do not form carbides. [5] 3.1 Mechanical properties and chemical composition ADI Austempered ductile irons can have tensile strengths of up to 1700 MPa about 1,7 % elongation and high hardness, for applications in which wear resistance is of primary importance. Materials of lower hardness having tensile strengths between 900 to 1200 MPa and elongation of up to 16 % can also be produced, for engineering applications where ductility is vital (tab. 1, 2). For practical purposes, there are two types of ADI:
1. Class I: ductile irons transformed at low austempering temperatures exhibiting a lower bainite matrix. These irons have high hardness (≥ 400 HB) and strength, and are particularly desirable for gears and other applications requiring resistance to high contact stress. [6] 2. Class II: ductile irons transformed at high austempering temperatures ranging from 260 to 350 HB. They combine high ductility and toughness with high fatigure strength and wear resistance. They are reasonably machinable and are commonly used in structural applications. [6] Discontinuous chips are one of the benefits of machining ADI. Unlike steel, which creates a continuous coil-like chip while it's being machined, ADI's discontinuous chips are easy to handle and recycle. This ease of handling proves especially beneficial for highly automated machining centers, because the small chips won't clog the equipment. [7] Figure 1 Austempering cycle Discontinuous chips are one of the benefits of machining ADI. Unlike steel, which creates a continuous coil-like chip while it's being machined, ADI's discontinuous chips are easy to handle and recycle. This ease of handling proves especially beneficial for highly automated machining centers, because the small chips won't clog the equipment. [11] Line A -B ( fig. 1) shows the heat-up from room temperature to the Austenitizing temperature, while B -C shows the Austenitizing process, where the component is held at the high temperature until the metal matrix fully transforms into Austenite, and is saturated with carbon. From point C to point D, the part is rapidly quenched down to the Austempering temperature. This temperature is above the martensite start (MS) temperature, and the quench takes place rapidly enough to avoid the formation of pearlite. Line D -E shows the Austempering process, during which the metal matrix begins to transform into its final Ausferrite matrix. Line E -F shows the removal of the component from the quench, and cooling to room temperature.
The austempered microstructure (Fig. 2) that optimises ductility is a mixture of bainitic ferrite and high-carbon retained-austenite. Other constituents include marten-site, carbides and pearlite, all of which tend to reduce ductility. It is difficult during normal processing to avoid these constituents completely, since the composition of the component is rarely uniform.
Figure 2 Microstructure of ADI

Conclusion
In the meantime ADI-GJS has been used as a alternative for present steel forgings, workpieces, sciliced by the changed construction or with it´s small forming. The alternative of steel -castings from ADI-GJS is so far the most common way of application of ADI-GJS, which is directing to the decreasing of the production costs, that means to the savings on a price or to increasing the componet´s life cycle. From the properties of ADI-GJS is by such as mentioned alteratives used especially very good resistance of wear and tear, which is in comparison with the steel (which has the same hardness) about double so high.
Before indicating some applications of ADI it is important to remember some physical characteristics, which combined with the mechanical properties of ADI, open the market for this material in many different industries, but particularly for automotive components.
1. Good castability and near net shape casting production of parts.
2. 10 % lower density than steel.
3. Higher damping capacity than steel which makes the parts absorb energy 2-5 times more than steels, thereby reducing the level of noise to about 8-10 decibels in gear boxes.
The combination of these characteristics with the austempering process creates a big family of ADIs which can compete with forging steels and even with aluminium parts, not only in the mechanical performance but also in the cost of production. Examples of applications are: 
